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Introduction
Total hip arthroplasty (THA) is recognised as one of the most successful operations in terms of patient satisfaction (1, 2) . Over 89,000 total hip replacements (THRs) were performed in the UK in 2015 (3). As a result of an ageing demographic, projections indicate this will continue to increase year-on-year (4) . While satisfaction levels remain high, the operation is not without complications (5-7). Instability and associated dislocation is one such complication. An incidence of between 0.6%-5% is commonly encountered in the literature (8) (9) (10) , with the British Orthopaedic Association (BOA) quoting 2%-5% (11) . There are a number of recognised causes and risk factors for instability (12) , including malposition of the acetabular component (13) (14) (15) (16) .
In 1978, Lewinnek et al (10) described a "safe zone" for positioning of acetabular components (a position of inclination of posterior approach involving both capsular and external rotator muscle repair. Patients were positioned in a lateral decubitus position with the orientation of the coronal axis of their hip held orthogonal to the table by means of supporting clamps. Prior to surgery, the preoperative anteroposterior (AP) radiograph was reviewed for each patient and the position of the posterior wall was noted as either being normal, prominent or deficient relative to the centre of the femoral head as described by Reynolds et al (27) (Fig. 1 ). More than 2-mm deviation from the centre of the femoral head was taken as indicating either a negative or positive variation from normal ( Fig. 1) . Following acetabular preparation, including removal of any rim osteophyte, the inferio-posterior wall was then used to position the implant intraoperatively. Inclination of the cup was judged using jigs in the standard manner relative to the coronal axis of the pelvis. The TAL position was also noted intraoperatively. The final position of the implant was recorded relative to the PAW as being prominent, flush or deep. More than 2-mm deviation from the component rim sitting flush with the inferioposterior wall was taken as indicating either a prominent or deep variation from a flush fit. Postoperative images were taken (AP and true lateral) and used to calculate the version and inclination of the cup position (Fig. 2) . This was performed using digimizer software (Version 4.3 Medcalc software) using a method previously described in the literature (28) .
A sample size calculation was performed prior to starting the study using an alpha value of 0.05 and power value of 0.8. Using the dislocation rate of 2% quoted by the BOA, we needed a minimum of 188 patients to enter this study.
Results
There were 200 consecutive, primary THRs included in this prospective study of which 188 were performed for osteoarthritis and 12 for neck of femur fractures. All acetabular components utilised an ODEP rated hemispherical titanium press fit shell (Corin). All femoral components utilised ODEP rated stems (Corin). This included 117 females and 83 males with a mean age of 66.5 years (36-93 years). 77% of patients (154/200) were found to have a normal PAW. Of these, 99% had a cup orientated flush with it (152/154). In the remaining patients, 93% of patients with a deficient PAW had a prominently placed cup (27/29) and 94% with a prominent PAW had a cup seated more deeply (16/17) (Tab. I).
The postoperative radiographs were found to have a mean cup version of 20.8° (10°-27°) and inclination of 44.7° (32°-55°) using this method (Fig. 3) . At 12 months follow-up there had been no dislocations within the cohort.
Discussion
Optimal position of the acetabular cup is an important determinant of short-and long-term outcomes. Malposition can lead to impingement, wear, loosening and component migration resulting in revision surgery (29, 30) . Malposition of the acetabular cup is also a recognised risk factor for hip instability and dislocation. Historically, intraoperative methods of calculating acetabular position have relied on freehand methods, and mechanical guides. The accuracy of these methods is inconsistent with between 20%-70% of cups being orientated outside the safe zone (18) (19) (20) . In our study we found that 21/200 (10.5%) were positioned outside significant acetabular abnormality such as dysplasia or previous pelvic fracture. Our dislocation rate (0%) was lower than that from the above studies at a greater 12-month postoperative follow-up. This could be explained by a combination of factors. In this study, we used a larger femoral head size (all heads either 32 or 36 mm), which have the positive effect of reducing dislocation rates by altering the jump distance, increasing the head neck ratio, increasing range of movement and reducing impingement. However, dislocation rate aside, the use of the PAW achieved a 10.5% total outside the Lewinnek safe zone and only 1% of these were due to anteversion outliers. Epstein et al (26) found that the TAL was identified in only 47% of their cohort. Of these 17% were found to be outliers in abduction and 41% in anteversion. Although the range was narrower and the angles less than compared to using a free hand method the results were not significant. Their outcomes could be attributable to their small numbers in their study (66 in total), with no power calculation or randomisation used.
Computer navigation has been shown to reduce the variability of orientation of the acetabular cup although it has also been shown there was no significant difference in mean cup orientation between conventional and navigated groups (32, 33) . This reduction in outliers is clinically relevant as it reduces the likelihood of malposition, impingement, loosening and revision. However, the advantages must be traded off against prolonged surgery, higher costs, potential exposure to ionising radiation, additional soft tissue trauma, pin contamination and stress risers in osteoporotic bone (32, 34) .
Combined anteversion of the hip is the sum of the femoral and acetabular anteversion. Accuracy of placement of the two ensures mating of the femoral head in the acetabular cup without impingement. By exclusively investigating the orientation of the acetabular component in this study we cannot give complete figures for the overall combined anteversion of the hip. Other outcomes such as range of movement, impingement and dislocation depend on head neck ratio, offset and stem orientation which have not been measured in this study.
Secondly, only one person reviewed the postoperative radiograph and measured the angles of inclination and version (H.L.M.W.). This was performed using the method previously described by Woo and Morrey (28) . Although this was done independently the reproducibility and reliability of these measurements was not ascertained.
Finally, the numbers included in this prospective study was small compared to previous studies (up to 1,000 in total). The sample of this study could potentially not be a true reflection of the population; however our power calculation has been satisfied for the study using the lowest value quoted by the BOA.
Conclusion
Our results suggest that the PAW is a useful adjunct to the TAL in helping orientate the position of the acetabular component intraoperatively. It has the added advantage of being visible on the pre-op radiograph therefore aiding in surgical planning. Where there is pre-existing acetabular abnormality such as dysplasia, the PAW and TAL cannot be relied upon the safe zone using PAW and TAL. Of these 20, two (21%) were anteversion outliers and 19 (9.5%) were abduction outliers. These figures are favourable compared to a previous study using the TAL as the reference point (41% anteversion and 17% abduction outliers respectively) (26) . This suggests that the PAW is a useful landmark when used to determine the version of the acetabular component. A possible reason for the higher value in abduction is due to patient positioning with recent recommendations suggesting using 35° of apparent operative inclination during surgery as opposed to the traditional 45° (31) .
This variation in accuracy of placement has led to the development of computer assisted navigation as well as surgical techniques utilising anatomic landmarks.
The anatomic landmarks which have been looked at previously include the sciatic notch, anterior superior iliac spine (ASIS) and acetabular notch (8, 21, 22) . McCollum and Gray (8) used preoperative standing lateral radiographs with the x-ray tube centred over the trochanter to identify the sciatic notch and ASIS. They found that by using this technique their dislocation rate was 1.14% after 6 months follow-up using the posterior approach. Sotereanos et al (21) used a combination of three bony landmarks (ischium, superior pubic ramus and acetabular rim) to define a plane for positioning of the acetabular component in conjunction with templating, resulting in a dislocation rate of 0.81% at 6 months. Maruyama et al (22) proposed using the acetabular notch angle to provide an accurate estimate of acetabular version. This angle is composed of the intersection of a line from the sciatic notch along the posterior acetabular ridge with a line from the posterior to the anterior acetabular wall. It can only be used for a posterior approach and using this method had a dislocation rate of 0.34% at 6 months. Although these methods are simple, easy to use with a short learning curve and are not affected by patient positioning, they have the disadvantages of requiring additional dissection and a change of position for the surgeon.
Archbold et al (9) proposed using the TAL in orientating the acetabular cup. This method has the advantage of being used regardless of surgical approach or patient positioning and does not require any specialised equipment. They reported a 6-month dislocation rate of 0.6% in 1,000 consecutive THAs using this method with neutral liners and 28-mm heads (9) . However, this method is not applicable to patients with intraoperatively to guide correct cup version. However, preoperatively the PAW can be identified on the radiograph and the need for attention to adjustment of version relative to both the TAL and PAW planned for.
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